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In reply refer to: 
LMSC-HKEC PH D867267 
17 imgust 1983 


Attention: Director, Materials Processing In Space, Code EM-7 

Subject: Contract NASW-3281, "Msnufacturlng In Space: Fluid Dynamics 

Numerical Analysis," Monthly Progress Report 


Report Period: 8 July through 7 August 1983 


Gentlemen: 

This letter Is submitted in accordance with the reporting provisions of the 
subject contract and describes the direction of effort and acc<n&pllshment 
for the period shown above. This study is being performed by personnel In 
the CMuputatlonal Mechanics Group of the Lockheed-Huntsvllle Research & 
Engineering Center. The NASA technical director for this contract Is Bill 
(Bran, Code EM-7. 

Background 


A number of orbital flight experiments have been planned to test the feas- 
ibility of exploiting the low gravity space environment for various manu- 
facturing processes. In particular, a reduced gravity environment has long 
been considered desirable for reducing buoyancy driven convective motions in 
liquids used in crystal growing or casting. The purpose of this contract 
effort is to utilise Lockheed-developed fluid dynamics numerical analysis 
computer codes to numerically simulate the development of convective motion 
In experiment configurations of Interest to NASA. 


(MASA-CB- 172944) BAM Of AC TUB I BG IB SPAC*i B83-31996 

FLUID DtUkniCS BUBEBICAi. ABALISIS Hoat>ui.y 
Progress Beport# 8 Jul. - 7 Aug. 1983 
ILocAheed Hissiles aod Space Co.) 5 p 
HC A02/HF A01 CSCi. aOD G3/34 


Uncias 

28493 



P«g« 2 

mSC-HSBC PR D867267 
17 Augtmt 1981 


Work Accoapllshed 

Lockhoed-Runtivllle personnel Robertson end Spradley net in Washington on 2 
August 1983 with NASA Hq personnel Drs. Oran and Halperoi and, in a later 
■eeting, with Dr. Dressier at George Washington University (GWU). The 
nuaerical siaulations described in the last aonthly progress report indi- 
cated surface convection velocities on the order of 0.005 ca/sec, auch lower 
than the 1 ca/sec range desired for experiaental aeasureaents . Dr. Dressier 
requested that we try decreasing the oil viscosity to get higher veloc- 
ities. This was done prior to the aeeting in Washington, and the velocity 
results were satisfactory, but the teaperature contours were greatly dis- 
torted by the higher velocities. The distortion in the teaperature gradient 
resulted in a highly nonunifora surface velocity distribution which, again, 
is undesirable for experiaental aeasureaents. It was decided during the 
meeting at GWU that we should select an oil viscosity that would yield sur- 
face velocities no lower than about 0.1 ca/sec with a teaperature difference 
no lower than approximately 2 C across the free surface. Hopefully, under 
these conditions, the distortions in the teaperature contours would be ac> 
ceptably small. Based on these guidelines, we selected the 50 centistokes 
viscosity silicone oil. This resulted in surface velocities of about 0.05 
cm/sec. The steady state streamline and teaperature contours are shmra in 
Figs. 1 and 2. The distortions even at these low velocities are obviously 
undesirable. 

The results obtained thus far Indicate that the degree of distortion in the 
temperature contours may be predicted, for saall distortions, by the follow- 
ing relation: 


^ - 0.037 ^ 

L a 

where Ax is the spatial displacement of the center teaperature contour, L is 
the distance across the free surface, v is the surface convection velocity, 
and a is the thermal diffusivity of the fluid. For Ax/L - 0.1, v - 0.0117 
cm/sec using silicone oil with an a value of 0.0013 ca^/sec. This velocity 
is about an order of magnitude smaller than the previously agreed upon 
guidelines. 
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Planned Activities 


The results described in the preceding section indicate the need for new 
guidelines in the experiaental conditions to be nuaerically simulated. 
These will be determined in cooperation with Dr. Dressier at GWU. 

Very truly yours. 


LOCKHEED MISSILES & SPACE CO., 



S.J. Robertson 

Computational Mechanics Group 


INC. 
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Fig. 1 - Steady State Streamlines 
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Fig. 2 - Steady State Temperature Contours 
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